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Abstract 
The work presented in this thesis consists of three parts: (i) synthesis and 
structural characterization of alkali metal complexes containing 1-azaallyl ligands, 
(ii) synthesis, reactivity and structural characterization of group 4 metal 
complexes containing 1-azaallyl ligands, and (iii) catalytic study of the group 4 
metal complexes in olefin polymerization. 
Chapter 1 describes the development of bis( 1-azaallyl) ligands in 
organometallic chemistry of group 4 metals. Synthesis and characterization of 1-
azaallyl alkali metal compounds [{{C(H)(SiMe3)}2C4H2N2-2,3} {Lh 
(TMEDA)2}]2 (25), [{{N(SiMe3)C(Bu^ )C(H)}2C4H2N2-2,3} {Li: (TMEDA)}] (26)， 
[{{N(SiMe3)C(But)C(H)}2C4H2N2-2，3}{Li2(THF)2}]2 (27) and [{{N(SiMe3)C 
(Bu^ )C(H)}2C4H2N2-2,3}K2] (28) are described. Structural characterizations of 
compounds 25 and 27 by X-ray structural analysis are also presented. 
Chapter 2 deals with the synthesis, reactivity and characterization of 
transition metal (Zr, Hf and Ni) complexes containing 1-azaallyl ligands. 
Treatment of 2 equivalents of LiMe with [Hf{C(SiMe3)2C5H4N-2}2Cl2] (37)， 
[Zr{N(SiMe3)C(But)C(H)(C5H4N-2)}2Cl2] (39), [Hf{N(SiMe3)C(Bu^)C(H)(C5H4 
N-2)}2Cl2] (40)，[Zr{C(SiMe3)2C5H4N-2}2Cl2] (35), [Zr{{N(SiMe3)C(Bu^)C 
(H)}2C6H4-l,2}]Cl2] (43) and [Hf{{N(SiMe3)C(Biit)C(H)}2C6H4-l，2}]Cy (45) 
yields the dimethyl group 4 compounds [Hf{C(SiMe3)2C5H4N-2}2 {^3)2] (38), 
[Zr{N(SiMe3)C(Bu^ )C(H)(C5H4N-2)}2(CH3)2] (41)，[Hf{N(SiMe3)C(Bu^ )C(H)(C5 
H4N-2)}2(CH3)2] (42), and the monomethyl group 4 compounds [ZrjCSiMesjz 
C5H4N-2]2(CH3)C1] (36)，[Zr{{N(SiMe3)C(Bu^ )C(H)}2C6H4-l,2}](CH3)Cl] (44)， 
[Hf{{N(SiMe3)C(But)C(H)}2C6H4-l，2}(CH3)Cl] (46) respectively. The reaction 
of [Li {N(SiMe3)C(Bu')C(H)(C5H4N-2)} ]2 (23) with NiCl] yields the nickel 
i 
compound [Ni{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}2] (47). Structural 
characterizations of compounds 36, 38，41, 42，44，46 and 47 by X-ray structural 
analysis have been performed. 
Chapter 3 describes the catalytic activities of some group 4 metal compounds 










{Li2(TMEDA)2}]2 (25), [{{N(SiMe3)C(Bu^)C(H)}2C4H2N2-2,3} {Li2(TMEDA)}] 
(26)，[{{N(SiMe3)C(But)C(H)}2C4H2N2-2，3}{Li2(THF)2}]2(27) and [{{N(SiMe3) 




(37), [Zr{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}2Cl2] (39)，[Hf{N(SiMe3)C(Bu^)C(H) 
(C5H4N-2)}2Cl2] (40) [Zr{C(SiMe3)2C5H4N-2}2Cl2] (35)，[Zr{{N(SiMe3)C(Bu^ ) 
C(H)}2C6H4-l,2}]Cl2] (43)及[Hf{{N(SiMe3)C(But)C(H)}2C6H4-l，2}]Cl2] (45) 
反應得到相應的二甲基取代的第四族金屬有机化合物[Hf{C(SiMe3)2C5H4N-
‘ 2}2{CH3}2] (38), [&{N(SiMe3)C(But)C(H)(C5H4N-2)}2(CH3)2] (41), [Hf{N(Si 
Me3)C(But)C(H)(C5H4N-2)}2(CH3)2] (42),及一甲基取代的第四族金屬有机化 
合物[Z;r{C(SiMe3)2C5H4N-2}2(CH3)Cl] (36)，[Zr{ {N(SiMe3)C(Bu^)C(H)}2C6H4-
1，2}](CH3)C1] (44)，[Hf{{NSiMe3)C(But)C(H)}2C6H4-l,2}](CH3)Cl] (46)。 
[Li{N(SiMe3)C(But)C(H)(C5H4N-2)}]2 (23)与 NiOb 反應得到鎳化合物 
iii 
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TMEDA N,N,N' ,N' - tetramethylethylenediamine 
X 
CHAPTER 1 
Development of Bis(l-azaallyl) Ligands in 
Organometallic Chemistry of Group 4 Transition Metals 
1.1 Introduction 
1.1.1 General aspects of group 4 transition metal complexes containing 
azaallyl ligands 
The chemistry of group 4 transition metal compounds in olefin 
1 2 
polymerization catalysis has been studied extensively in the past decade. _ In the 
development of group 4 transition metal complexes, cyclopentadienyl ligand 
systems have played an important role, due to their steric requirements and 
electronic effect on the stability of metal complexes. Kaminsky's discovery of 
group 4 metallocenes combined with methylaluminoxane (MAO) cocatalysts has 
provided a highly active and long-lived polymerization catalyst system.^  
In 1990，Bercaw and coworkers reported the "constrained geometry，，of 
scandium cyclopentadienyl-amide hydride [Sc(^-C5Me4SiMe2NBu')(PMe3) 
-H)]2 ( 1 ) (Figure 1.1) and found that it was a well-defined, single component 
Ziegler-Natta catalyst."^  These cyclopentadienyl-amido ligands have been used by 




MezSi ‘ ^^Sc SiMea H PMe3\^ 
Bu' 1 But 
‘ Ref. 5 
complexes [M( 7}、7] ^ -C5R4SiMe2NBu')X2] (M 二 Ti，Zr; R = H，Me; X 二 CI, 
alkyl).5 A new generation of highly active and selective Ziegler-Natta-type 
catalysts for copolymerization of ethylene and a-olefins has been developed. 
Therefore, substantial research activities were directed toward the development of 
non-cyclopentadienyl ligand systems in group 4 metal complexes. A number of 
nitrogen-based ligand systems have been successfully developed. 
Figure 1.2 depicts some examples of group 4 complexes containing 
non-cyclopentadienyl nitrogen-based ligands which show some catalytic activities 
in ethylene polymerization. 
Figure 1.2 
Chelating Diamido Ligands 
R R 
^N 、X /N X 
^ \ / Me2Sr \ / 
� / \ Me2Si \ / \ 
R R 
2 3 
R = SiMej, B(2，4，6-Me3C6H2)2’ R = Bu', 4-FC6H4, 
B(2，4，6-Pri3C6H2)2’BCy2 .^e-Pr'jCeHa 
M= Ti, Zr, Hf M= Ti, Zr 
Ref. 6-8 Ref. 9 
2 
/A , O - v , 
R — R 
4 5 
R = SiMe3, Si(/-Pr)3， SiMe3, Si(/-Pr)3, 
2，6-Me2C6H3，2,6-Pr'2C6H3 M= Ti，Zr, Hf 
Ref. 10, 11 Ref. 12 
^ \ SiMea 
a / X \ \ 驗 3 
6 7 
Arp = 3,5,-QH3(CF3)2 Zr 
Ref. 13 版. 
Tridentate Diamido Ligands 
厂r o f 
<( ) N — M、 o — M 
H _ / � ( - { - / � 
8 9 
At = 2,6-Me2C6H3, 2，6-Et2C6H3，2,6-Pr'2C6H3 
M = Ti, Zr 




Among the non-cyclopentadienyl ligand systems, 1,3-diazaallyl ligand 
system is another promising alternative to the cyclopentadienyl ligands. The 
effects of the steric bulk and electronic properties of 1,3-diazaallyl ligands can be 
studied by changing the organic substituents at the nitrogen and the bridging 
positions. It has been reported that the steric hindrance of these ligands is between 
the Cp and Cp* ligands.^ ^ Figure 1.3 shows related examples of group 4 
complexes with this class of ligands. 
Figure 1.3 
Ar\ /R R /Cy 
R-n4 、、、\X Cy—N/",,,、、\X 
R 一 （ M 、 X C y - N ^ T ^ X 
a / \r R Cy 
11 12 
R = SiMe3, Ar = Ph, 4-MeC6H4； M = Ti, Zr，Hf 
R 二 Pri，Ar = Ph; Ref. 20 
R = Me, Ar = A-MeCgHj 
R = Me, But 
M = Ti,Zr 
Ref. 19 
Me 
Ar Me—N: /P" 
/Ph 
f ^ N O N . P r '•— n Q z ! 
Ir Me—N\ W 
Me 
13 14 
Ar = Ph, 4-MeC6H4 
Ref. 21 Ref. 22 
In the 90’s，several research groups have independently explored the olefin 
4 
polymerization catalyzed by 1,3-diazaallyl group 4 complexes. Rausch reported 
that [Ti{C6H5C(NSiMe3)2}(OPri)3] and [Ti{C6H5C(NSiMe3)2}Cl3L] (L = THF, 
PMes), with M A O as the cocatalyst, can polymerize styrene in a highly 
syndio-specific process.^ '^ Walther^ '^ and Eisen^ ^^ '^  observed that 
[M{4-RC6H4C-(NSiMe3)2}2X2] (R 二 Me, H; M = Ti, Zr; X = CI, alkyl) are active 
precatalysts for the polymerization of ethylene and propylene; in particular for the 
latter. In the presence of [Zr{4-MeC6H4C-(NSiMe3)2}2Me2]/MAO,^^^ a high 
stereoregular polymer can be prepared. 
In contrast with the 1,3-diazaallyl ligand, 1-azaallyl and diketiminato ligands 
received less attention, although they have been used to synthesize several main 
group metal or transition metal compounds. Recently, Lappert and coworkers 
have reported the synthesis of 1-azaallyl group 4 metal complex 
[Z:r{N(SiMe3)C(But)C(H)C6H5}a3]23 (15) and the diketiminato group 4 metal 
complex {N(SiMe3)C(But)C(H)C(Biit)N(SiMe3)}Cl3]24 (16) which are 
effective catalysts for a-olefm polymerization (Figure 1.4). 
Figure 1.4 
MesSiZ \zr<;c|SjMe3 
CI CI C |Z�CI 
15 16 
Ref. 23 Ref. 24 
5 
Recent results have shown that pyridyl- or quinolyl-substituted 1-azaallyl 
group 4 metal complexes (Figure 1.5) are active catalysts for ethylene 
polymerization.^ ^ Other examples containing diketiminato ligands are shown in 
Fig. 1.6.26 Figure 1.5 
W 1 N-SiMea 
T^^N///.,,„..•z广 CI I , M 
M i-SiMe3 cr f -C . S - 3 V=< CI 
17 
R^ = Ph or Bu^ R^ = H or SiMcj 
Ref. 25 
Ph 
SiMea [ N /SiMea /Ph 




\ Ar Ar / 
X VX / Xr a / \ 
20 21 
Ar = Ph, 4-CF3C6H4, 4-MeC6H4 Ar = Ph, 4-CF3C6H4 
Ref. 26 Ref. 26a 
6 
1.1.2 Objective 
The objective of this thesis is to synthesize group 4 metal complexes 
containing 1-azaallyl ligands and to study their catalytic activities in ethylene 




f A ^ F 
F 
The synthesis of tris(pentafluorophenyl)borane B(C6F5)3 was first reported in 
1964 by Massey and Park.^ ^ In early 1990s，Marks^ ^ and Ewen^^ independently 
discovered that group 4 metallocene dialkyls, when combined with strong Lewis 
acid such as B(C6F5)3, can promote olefin polymerizations. A cationic metallocene 
complex with B(C6F5)3 as the counterion was isolated and structually 
characterized.
32
 The research activity of this reagent has been explored in the 
industry. 
In the preparation of dihalide or dialkyl group 4 metal complexes, alkali 
metal compounds are used as transfer reagents in the metathesis reactions 
(Equation 1). 
2RLi + MCI4 • R2MCI2 + 2LiCl ⑴ 
7 
Four types of nitrogen-based non-cyclopentadienyl ligands as shown in 
Figure 1.8 have been used in this work. 
Figure 1.8 
MeaSi Tf q\\ 
M e s S i v ^ ^ ^ Me3Si—N ^  ) N ^ 
0 V 
I ” 
Ref. 33 Ref. 34 




M e s S i — “ S i M e s 
But But 
IV 
The alkali metal compounds of azaallyl ligands, which are used as precursors 
for the synthesis of a series of metal complexes, are mainly prepared by insertion 
of lithium compounds into nitrile compounds followed by l，3-shift of the 




R \ .Li{TMEDA) r .SMe^ 
丫 + Bu^ CN  
SiMe3 Li (TMEDA) 
R = alkyl group 
Ligand I is a sterically hindered pyridine-functionalized alkyl ligand. The 
preparation of the lithium compound 22 is shown in Scheme 1.2.33 It。肌 behave 
as a pyridine-functionalized alkyl ligand when bonded to metal. It can also act as 
an intermolecular C,N-chelating ligand (Figure 1.9). 
Scheme 1.2 
^ 
N^ CHs 、N^"^CH(SiMe3)2 Li Li 
Me3Si\、、、;^ Y^ N、 
MesSi 
22 
Reagents and conditions: (i) 2 eq. LiBu", TMEDA, hexane, 0。C，Ih. (ii) excess McsSiCl, 0。C to 
25°C 8h. (iii) LiBu", Et!。，0°C. 
Figure 1.9 




Ligand II has been used in the synthesis of some group 4 compounds 
(Scheme 1 . E H M O calculations showed that these pyridyl-substituted 
1-azaallyl ligands are highly electron-donating, and the metal frontier orbitals of 
bis(l-azaallyl) metal species are comparable in shape with those of the Cp2M 
fragment of bent metallocenes. These ligands are sterically more demanding than 
the cyclopentadienyl ligands. 
Scheme 1.3 
i Hi MesSi一N\ z N ^ ^ ^ 
、 人 T �A / s - " ^ 乂J 
r ^ N N—SiMea 
23 
Reagents and conditions: (i) LiBu", TMEDA, hexane, 0�C. (ii) excess McaSiCl, 0�C to 25�C (iii) 
LiBu� Et20, 0�C. (iv) Bu^ CN, 0�C. 
Ligand III contains two azaallyl moieties linked together by a phenyl ring in 
a constrained manner analogous to the bridged bis(cyclopentadienyl) ligand. On 
the other hand, the electrons of the 1-azaallyl moiety can be delocalized along the 
phenyl ring, inducing this ligand to possess the properties of an open 
heteropentadienyl ligand. Synthesis of bis-1-azaallyl dipotassium compound is 
shown in Scheme 1.4.35 
10 
Scheme 1.4 
— M e 3 S i — N l ) ) a / 1 N — S i M e 3 
Bu' KfTMEDA) Bu' 
_ 」n 
24 
Reagents and conditions: (i) slightly excess Mg & MesSiCl, THF, Reflux 2 days; (ii) 2 eq. LiBu", 2 
eq. TMEDA, 0�C，hexane (iii) 2 eq Bu^ CN, 0�C; (iv) 2 eq. KOBu\ Et!。，0�C. 
Ligand I V possesses two 1-azaallyl moieties linked together by a pyrazyl 
ring in a manner analogous to the fulvalene ligand (Figure 1.10). It can act as a N-
Figure 1.10 
But Bu' 
^ ^ ^ N N 
-functionalized amido ligand bonded to the central metal by N，N，chelation 
(Figure 1.11). Figurel.ll 
But\ But 
\l—N N一M 
\ = / 
Comparing with the complex Zr[ {N(SiMe3)C(Bu')C(H)(C5H4N-2)} CI3] in 
Figure 1.5, the zirconium complex derived from this ligand will have similar 
electronic and steric properties. Therefore, it is worthwhile to investigate catalytic 
activity of the similar binuclear zirconium complex in ethylene polymerization. 
11 
1.2 Results and Discussion 
1.2.1 Preparation and characterization of pyrazyl-linked bis(l-azaallyl) 
dilithium complexes 
Dilithium complex [{{C(H)(SiMe3)}2C4H2N2-2,3} {Li2(TMEDA)2}]2 (25) was 
prepared by the lithiation of the silyl derivatives of 2,3-dimethylpyrazine using 
LiBu" in the presence of TMEDA. The experimental procedure was similar to the 
synthesis of dilithium complex [{{C(H)(SiMe3)}2C6H4-l，2} {Li2(TMEDA)2}]2 
(Scheme 1.5).36 
Scheme 1.5 
^ N ' ^ SiMea SiMea 
• ^N N N Z \ \ / \ y 
、 人 “ ‘ 人 〔 > ( ) = 0 ( \ _ / I Y -N 
SiMea SiMea^s^^^ 
25 
Reagents and conditions: (i) 2 eq. LiBu" & TMEDA，0°C, EtzO; (ii) excess MesSiCl, 0�C; (iii) 2 eq. 
LiBu" & TMEDA, -78°C, hexane. 
Further reaction of complex 25 with 2 equivalent ofBu^CN in ether at -78°C, 
afforded bis( 1-azaallyl) dilithium complex [{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3} 
{Li2(TMEDA)}]2 (26) as an orange solids in 78% yield (Scheme 1.6). The 
formation of complex 26 involves an 1,2-insertion of nitrile into the Li-C bond 
followed by a 1,3-shift of the SiMes group. The THF solvated bis( 1-azaallyl) 
12 
dithium complexes [{{N(SiMe3)C(But)C(H)}2C4H2N2-2，3}{Li2(THF)2}]2 (27) 
was obtained as red crystals by recrystallizing in THF. 
Scheme 1.6 
厂 1 
N： fMe3 严，， But But 
\ A /N) MegSi. )=\ /=< .SiMeg 
；N. O A H � �x V y C Y 1—a1 




Q � V / = \ M e 3 S I > ^ = V ^ N- — 3 
.Li-N N-Lf Li-N N-U 
But But i^y 
27 
Reagents & conditions:� 1 eq. Bu^ CN, -78�C，hexane; (ii) recrystallization in THF at-78°C. 
Compounds 25-27 are extremely air-sensitive. Compound 25 is soluble in 
hexane, ether, toluene and THF, while compounds 26-27 are soluble in THF and 
slightly soluble in ether and toluene but insoluble in common hydrocarbons. 
Compound 25 has been characterized by X-ray crystallography, elemental 
analysis and N M R spectroscopy. Compound 26 has been characterized by N M R 
spectroscopy and elemental analysis where compound 27 has been characterized 
by X-ray crystallography. 
In the spectroscopic analysis of 25，the solution structure was found to be 
13 
different from the solid structure. The ^H N M R spectrum of 25 showed one 
singlet for the trimethylsilyl group at 5 0.47 ppm, methylene protons of T M E D A 
at 5 1.68 ppm, methyl group of T M E D A at (5 1.96 ppm, methylene protons at 
2,3 position ofpyrazine ring at 6 3.20 ppm and pyrazyl ring protons at 5 6.81 
ppm. The ^ C^ N M R spectrum of 25 showed six peaks. This suggested that the 
structure of 25 in solution is a monomer as in 25b. 
SiMe. SiMe, 
\ / 3 3 \ / 
25b 
In the 1h N M R spectrum of 26, the signals at 6 0.82, 1.57, 1.68，1.96 and 
5.11 ppm were attributed to the protons of the SiMes, Bu^ T M E D A and CH 
groups, respectively. The pyrazyl protons signal was observed at 6 8.00 ppm. 
I n all cases, one set of ligand resonances due to the ligand was observed, 
indicative of the centrosymmetric structure of the complex in solution. 
1.2.2 Attempted Preparation of Pyrazyl-linked Bis(l-azaallyl) Dipotassium 
Complex 
Attempts to prepare the dipotassium analogue by reacting complex 26 with 
K O B u^ in THF afforded a reddish orange solid (Scheme 1.7). The ^H N M R 
spectrum of the product displayed the signals at (5 0.35, 1.52, 5.90 and 7.38 
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which could be assigned to the protons of the SiMes, Bu\ CH and pyrazyl groups, 




2 6 + 2 K O B u • reddish orange solids 
-78°C to 25°C, 20 h ，。 
1.2.3 Molecular Structures of Pyrazyl-linked Bis(l-azaallyl) Dilithium 
Complexes [{{C(H)(SiMe3)}2C4H2N2-2，3}{Li2(TMEDA)2}�2 (25) and 
[{{N(SiMe3)C(Bu^)C(H)}2C4H2N2-2,3}{Li2(THF)2}]2(27) 
A perspective ORTEP drawing of the molecular structure of 25 is shown in 
Figure 1.12. Selected bond distances and angles are listed in Table 1.1. The 
crystallographic data are compiled in Appendix 1. 
Compound 25 is a centrosymmetric dimer in the solid state with the 
inversion center at the center of the LizN� four-membered ring. T M E D A acts as a 
monodentate ligand for the central lithium and a bidentate ligand for the terminal 
one. The two lithium atoms are bonded to the two CCN skeletons of the dilithium 
complex [{{C(H)(SiMe3)}2C4H2N2-2,3}{Li2(TMEDA)2}]2 (25) from opposite 
sides of the plane of the pyrazyl ring. Li(l) is bonded to N(l), C(2) and C(6) at 
distances of 1.985(6), 2.391(3) and 2.454(6) A, respectively. The bond distances 
15 
between Li(2A) and the other CCN unit are longer, Li(2) is bonded to N(2)，C(3) 
and C(7) at distances of 2.098(6), 2.403(6) and 2.384(6) A respectively. This is 
probably due to the stronger electron donation to lithium (2) atom from adjacent 
pyrazyl nitrogen atom. The structural data suggest the existence of t t -interaction 
between the lithium atoms and the CCN skeletons when compared with the 
average Li-C distance of 2.304 A in the cyclopentadienyl lithium compound 
[Li( 7] 5-C5H4SiMe3)]oo.37 
^ C n O ) 
Figure 1.12 Molecular structure of complex [{{C(H)(SiMe3)}2C4H2N2-2,3} 
{Li2(TMEDA)2}]2(25) 
By comparing the bond distances and angles within the CCN backbone, it is 
found that the bondings in the CCN backbones are delocalized and the aromaticity 
of the pyrazyl ring is slightly affected, leaving a long C(2)-C(3) bond distance of 
• 2 
1.481 (3) A . This suggests that the ligand is bonded to the lithium center in a 7?-
manner in 25 (Figure 1.13). 
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Figure 1.13 
J “ t / ~ ？ N NO C ^ O ——e)W(e —— 
MeaSi-^^ CV-SiMe3 MeaSi-^ ^ S i M e a M e s S i Q Q—SiMes 
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Table 1.1. Selected Bond Distances (A) and Angles (deg) for Complex 25 
C(2)-Li(l) 2.391(3) C(3)-Li(2A) 2.406(6) 
C(6)-Li ⑴ 2.454(6) C(7)-Li(2A) 2.384(6) 
N(l)-Li(l) 1.985(6) N(2)-Li(2A) 2.098(6) 
N(3)-Li(l) 2.102(6) N(2)-Li(2) 2.058(5) 
N(4)-Li ⑴ 2.191(6) N(5)-Li(2) 2.057(6) 
C(6)-C ⑵ 1.387⑶ C(7)-C(3) 1.413 ⑷ 
C(2)-N(l) 1.360(3) C(3)-N(2) 1.384(3) 
N(l)-C(5) 1.370(3) N(2)-C ⑷ 1.364(3) 
C(2)-C(3) 1.481 (3) C(4)-C(5) 1.333 ⑷ 
N(l)-Li(l>N(4) 119.8(3) N(l)-Li(l)-N(3) 124.1(3) 
N(l)-Li(l)-C(2) 34.66(12) N(3)-Li ⑴-N(4) 84.5(2) 
N ⑷-Li ⑴-C(2) 153.6(3) N(3)-Li(l)-C(2) 105.6(2) 
N(3)-Li(l)-C(6) 105.3(2) N(l)-Li(l)-C(6) 62.71(16) 
C(2)-Li(l)-C(6) 33.24(10) N(4)-Li ⑴-C(6) 166.3(3) 
N(5)-Li(2)-N(2) 122.2(3) N(5)-Li(2)-N(2)#l 116.8(2) 
N(2)-Li(2)-N(2)#l 104.1(2) N(5)-Li(2)-C(7)#l 121.2(2) 
N(2)-Li(2)-C(7)#l 112.5(2) N(2)#l-Li(2)-C(7)#l 64.17(17) 
N(5)-Li(2)-C(3)#l 111.1(2) N(2)-Li(2)-C(3)#l 125.4(2) 
N(2)#l-Li(2)-C(3)#l 34.98(11) C(7)#l-Li(2)-C(3)#l 34.32(11) 
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N(5)-Li(2)-Li(2)#l 143.1(4) N(2)-Li(2)-Li(2)#l 52.76(17) 
N(2)#l-Li(2)-Li(2)#l 51.35(19) C(7)#l-Li(2)-Li(2)#l 87.1(3) 
C(3)#l-Li(2)-Li(2)#l 78.1(2) 
N(2)-C(3)-C(7) 117.7(2) N(l)-C(2)-C(6) 119.3(2) 
Figure 1.14 Molecular structure of complex [ {{N(SiMe3)C(Bu^)C(H)}2 
C4H2N2-2，3}{Li2(THF)2}]2(27) 
The molecular structure of complex 27 is shown in Figure 1.14. It is a dimer 
with the Cz-axis passing through the center of Li2N2 four member ring and the 
bridging NSiMe] group. The central lithium atoms Li(l) and Li(2) are three 
coordinate while Li(3) and Li(4) are four coordinate. These structural features are 
similar to those of [Li2{N(SiMe2CH2)C(Bu^)C(H)(C5H4N-2)}2].'' Two THF 
molecules are coordinated to Li(3) and Li(4). Together with the ligand, it forms a 
stable tetrahedral geometry at the lithium atom. The Li-N bond distances of 
2.060(7) and 2.062(9) A are in the normal range of 1.89-2.16 A for the 
Li-N(amido) bonds. 
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Table 1.2. Selected Bond Distances (A) and Angles(deg) for Complex 27 
N(l)-Li(l) r i w N(2)-Li(3) 1.987(8) 
N(4)-Li(l) 2.060(7) N(3)-Li(3) 2.062(9) 
N(7)-Li(l) 1.971(7) 0(2)-Li(3) 1.956(9) 
N(4)-Li(2) 1.993(7) 0(1)-Li(3) 2.044(9) 
N(l)-C(3) 1.339(4) N(2)-C(4) 1.368⑷ 
C ⑶-C(14) 1.456(5) C(4)-C(5) 1.419(5) 
C(14)-C(15) 1.357(4) C(5)-C(6) 1.391(5) 
C(15)-N(4) 1.395⑷ C(6)-N(3) 1.329(5) 
N(7)-Li ⑴-N ⑴ 154.(X4) N(4)-Li(2)-N(6) 155.5(4) 
N(l)-Li ⑴-N(4) 100.2 ⑶ N(6)-Li(2)-N(7) 99.3 ⑶ 
N(4)-Li ⑴-N(7) 105.4(3) N(7)-Li(2)-N(4) 104.9(3) 
Li(2)-N(4)-Li ⑴ 74.5(3) Li(l)-N(7)-Li(2) 75.2 ⑶ 
0(2)-Li(3)-N(2) 107.7(4) 0(4)-Li ⑷-0(5) 107.1 (3) 
N(2)-Li(3)-0 ⑴ 99.0(4) N(5)-Li(4)-0(3) 97.8 ⑶ 
N(2)-Li(3)-N(3) 98.2 ⑷ N(5)-Li(4)-N(8) 98.2(3) 
0(2)-Li(3)-0(l) 99.4(4) 0(4)-Li(4)-0(3) 99.4(3) 
0(2)-Li(3)-N(3) 109.3 ⑷ O ⑷-Li(4)-N(8) 108.6 ⑷ 
0(1)-Li(3)-N(3) 140.0(4) 0(3)-Li ⑷-N(8) 141.8 ⑷ 
N(2)-C(4)-C(5) 121.7(3) N(l)-C(3)-C(14) 119.4(3) 
C(4)-C(5)-C(6) 133.9 ⑶ C ⑶-C(14)-C(15) 128.1 ⑶ 
C(5)-C(6)-N ⑶ 123.5(4) C(14)-C(15)-N(4) 124.7(3) 
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1.3 Experimental Section 
Materials: T M E D A was purchased from The Aldrich Fine Chemical Co. and 
distilled from NaOH before use. LiBu" and 2,3-dimethylpyrazine were purchased 
from The Aldrich Fine Chemical Co. and used without further purification. 
Synthesis of (CH2SiMe3)2C4H4N2-2，3 To a mixture of 2,3-dimethylpyrazine 
(6.15 g，56.9 mmol) and T M E D A (18.0 mL, 119.3 mmol) in ether (150 mL) 
at -78。C was added slowly 72.0 mL of LiBu" (115.2 mmol, 1.6 M in hexane). 
After wanning to room temperature, the solution was stirred for 5 h. Excess 
MesSiCl (15 mL, 117.5 mmol) was added to the deep red solution mixture and 
stirred for further 16 h. To the resulting yellow slurry was added a diluted NaOH 
solution and the organic layer was separated. The aqueous layer was extracted 
with two portions of ether. The combined organic layer was dried over anhydrous 
MgS04, filtered, concentrated, and distilled in vacuo (0.03 mmHg) to obtain the 
colourless liquid of the title compound, yielded 8.41 g (82%), b.p. 44-46 °C. ^H 
N M R (300MHz, C^ Ds): 5-0.07(s，SiMe3，18H)，2.20 (s，CH，4H)，7.99 (s,C4N2H2, 
2H) Mass spectrum (E.L): m/z 252 [M]+ 
Synthesis of [{{C(H)(SiMe3)}2C4H2N2-2，3}{Li2(TMEDA)2}]2 (25) To a mixture 
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of (CH2SiMe3)2C4H4N2-2，3 (0.56 g，2.22 mmol) and TMEDA (0.68 mL, 4.50 
mmol) in hexane (20 mL) was added dropwise 2.77 mL ofLiBu" (4.43 mmol, 1.6 
M in hexane) at -说C. After warming to room temperature, the solution was 
stirred for 5 h. The red solution obtained was concentrated slowly to 10 m L under 
vacuum. Upon standing for one day, bright yellow crystals obtained were 丨 
separated by filtration and washed with cooled pentane and dried under vacuum, 
yielded 1.10 g (89%). Anal, found: C,58.03; H,10.96; N,16.91%. Calc. for 
C48Hio8Ni2Si4Li4： C, 57.85; H，10.91; N, 16.98%. ^ H N M R (300MHz，CeDs): (5 
0.47(s，SiMe336H)，1.68(s,{CH3}2NCH2CH2N{CH3}2,8H), 1.96(s,{CH3}2NCH2 
CH2N{CH3}2,4H), 3.20(s,CH，4H)，6.81(s,C4N2H2,4H); ^ 'C NMR (62.89MHz， 
C6D6): (5 3.52(SiMe3)，45.99(TMEDA), 53.01(TMEDA), 56.66(CSiMe3H)，122.04, 
161.90(匚4_2). 
Synthesis of [{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}{Li2(TMEDA)}] (26) To a 
stirring mixture of (CH2SiMe3)2C4H4N2-2，3 (0.56 g，2.22 mmol) and T M E D A 
(0.68 mL, 4.50 mmol) in hexane was added dropwise 2.77 mL of LiBu" (4.43 
mmol, 1.6 M in hexane) at -78 After wanning to room temperature, the 
solution was stirred for 5 h. The red solution obtained was added slowly with 0.50 
mL of Bu^CN at -78°C. The mixture was allowed to warm to room temperature 
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and stirred overnight to afford an orange slurry. Upon removal of volatiles in 
vacuo, the solid residue was washed with ether twice and dried under vacuum to 
afford an orange solid, yielded 0.95 g (78%). ^H N M R (300MHz， 
C6D6/C5D5N(2:1)): 5 0.26(s，SiMe3，36H)，1.23(s，CMe3，36H)，2.05(s,{CH3}2N 
CH2CH2{CH3}2,16H), 2.29(s,{CH3}2NCH2CH2N{CH3}2,8H), 5.91(s,CH，4H) 
7.69(s，C4N2H2，4H) 13c N M R (100.57MHz, C6D6/C5D5N(2:1)): (5 1.95，2.87(Si 
Mes), 29.22，29.73(CMe3)，36.34，37.43(CMe3), 45.88(TMEDA), 58.20(TMEDA), 
84.22，84.55(CBu% 90.95，91.32(CH), 131.83, 132.99, 162.96, 163.42(C4H2N2). 
Synthesis of [{{N(SiMe3)C(But)C(H)hC4H2N2-2，3}{Li2(THF)2}�2 (27) from 26 
To a solid sample of 26 was added 10 m L of THF to obtain a deep red solution. It 
was then concentrated slowly to 5 mL and kept at room temperature for 2 days to 
obtain red crystals of 27. 
Synthesis of [{{N(SiMe3)C(Bu*)C(H)}2C4H2N2-2,3}K2] (28). To a solution of 26 
(0.56 g，2.22 mmol) in THF was added KOBu'(0.44 g, 4.43mmol) with stirring 
at -78 The solution was warmed to room temperature and stirred for 20 h. 
Upon removal of volatiles in vacuo, the residue was washed with hexane twice 
and dried in vacuum to afford an orange solid. ^H N M R (300MHz, 
22 
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CHAPTER 2 
Synthesis, Reactivity and Characterization of 
Transition Metal Complexes Containing 1-Azaallyl 
Ligands 
2.1 Introduction 
Cationic group 4 transition metal alkyl complexes of the type [Cp2M-R]+ (M 
=Ti, Zr, Hf) have been identified as the active species in homogeneous catalytic 
polymerization reactions of alkene」The catalytic systems contain a metallocene 
dihalide together with methylaluminoxane (MAO)^^'^ as an activator to give the 
following equilibrium (Equation 1). 
^ ^、、 X M A O !•- J M、 J - M 、 ——Al—0-— (1) 
( X < � t 
Alternatively, the reaction of dialkylmetallocenes with triphenylcarbenium 
salts of weakly coordinating anions, notably B(C6F5)4，3 in nonbasic solvents leads 
quantitatively to the cationic complexes (Equation 2). Coordinatively unsaturated 
CP2MR2 + [CPh3]+)C • [Cp2M-R]+X- + PhsCR (2) 
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species such as [CpiM-R]"" complexes are potent electrophiles. They are expected 
to establish a series of solution equilibria by interacting with any available 
nucleophile, such as the solvent, the anion, neutral metal alkyls, or the olefin 
substrate, prior to polymerization. In the absence of a coordinating solvent the 
cation—anion interaction is the most important and has a dramatic influence on the 
catalytic activity. 
Cationic metal alkyl complexes are generally synthesized by the protolysis of 
metal dialkyls with weakly acidic ammonium salts (Equation 3).^  More recently, 
CP2MR2 + [HNR'2Ph]+X- • [Cp2MR]+X- + R-H + NR'zPh (3) 
R'= Me，Et 
methyl abstraction with triphenylcarbenium salts has been employed in the 
reaction (Equation 2). Both methods allow the generation of cationic complexes in 
the absence of coordinating solvents or stable ligands and proceed readily in 
solvents of low polarity, such as toluene. However, coordination of the aniline 
byproduct cannot be excluded. It is frequently encountered in attempts to isolate 
cationic base-free metal alkyl complexes from the reaction mixture in Equation 3. 
The reaction in Equation 2 avoids the generation of basic byproduct. No 
noticeable influence of triphenylalkane is observed on the catalytic efficiency of 
the system. 
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B(C6F5)3 is another commonly used cocatalyst in ethylene polymerization.^  
There are three reasons why this borane is chosen as a cocatalyst or an activator. 
Firstly, it is a relatively strong Lewis acid (acidity between BCI3 and BF3) and has 
been shown to form a variety of characterizable Lewis base adducts. Secondly, it 
has good solubility in nonpolar and noncoordinating solvents. Thirdly, the boron 
center is surrounded by highly electronegative, chemically robust (i.e. resistant to 
electrophilic attack) functional groups having only nonpolar and minimally 
coordinating fluorosubstituents. 
Therefore, the synthesis of dialkyl procatalyst for the polymerization of 
olefin is a crucial step. Many group 4 transition metal dimethyl complexes have 
been reported and employed in olefin polymerization. In general, the dimethyl 
compounds are synthesized by methylation of the corresponding dihalides 
complex using alkylating agents, such as Grignand reagents or methyllithium 
(Scheme 2.1).^ -^  
Scheme 2.1 
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2.2 Results and Discussion 
2.2.1 Preparation and Characterization of [Zr{C(SiMe3)2C5H4N-2}2 (CH3)C1] 
(36) and [Hf{C(SiMe3)2 C5H4N-2}2(CH3)2�(37). 
Attempts to prepare the dimethyl derivative by the reaction of 2 equivalents 
of LiMe or KMe with the zirconium dichloride complex [Zr{C(SiMe3) 
2C5H4N-2}2Cl2] in ether were not successful. The methylation only afforded 
monomethyl derivative [&{C(SiMe3)2C5H4N-2}2(CH3)Cl] (35) in 64% yield even 
though an excess amount of the methylating agent was added. 
Scheme 2.2 
/ = O i < H r i 




Reagents and conditions: (i) 2 eq. LiMe, EtzO, -78�C to 25 8 h; (ii) 2 eq. KMe, Et^ O，-78�C to 
25�C, 8 h. 
The X-ray structure of 36 showed that the chloro group is protected by the 
four bulky trimethylsilyl groups. On the other hand, the dimethyl hafnium 
complex [Hf{C(SiMe3)2C5H4N-2}2(CH3)2] (38) would be prepared by the addition 
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Reagents and conditions: (i) 2 eq. LiMe, EtjO, -78�C to 25�C，8 h. 
Comparing with the non-methylated complexes [ Z r {C(SiMe3)2C5H4N-2} 2CI2] 
(35) and [Hf{C(SiMe3)2 C5H4N-2}2Cl2] (37), complexes 36 and 38 displayed 
higher solubilities in hexane. This facilitates the work-up procedure in eliminating 
the unreacted metal dichloride complexes. 
I n the ^ H N M R spectra of 36 and 38，a singlet assignable to Zr-CHs was 
observed at 6 1.71 while two singlets were observed at 6 1.13 and d 0.14 for 
the Hf-CHs protons. It indicates that the methyl groups in 38 are non-equivalent 
and the complex is asymmetric. This was consistent with the ^ C^ N M R spectrum, 
i n which two different methyl carbons were observed. This will be discussed in 
next section. 
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2.2.2 Molecular Structures of [Zr{C(SiMe3)2C5H4N-2}2(CH3)Cl] (36) and 
[Hf{C(SiMe3)2C5H4N-2h(CH3)2] (38). 
The molecular structures of complexes 36 and 38 were determined by X-ray 
crystallography and they are shown in Figure 2.1 and 2.2 respectively. The crystal 
data and structure refinements are given in the appendix. 
C(4) 
7 忽 CI⑴ ^ : 
^ ^ CO) 
C(22) 
Figure 2.1 Molecular structure of complex [Zr {C(SiMe3)2C5H4N-2} 2CH3CI] (36) 
X I 
j T ^ ^ / m ⑶） 
减 ^4) / cni) 
C{22) ® C(9) 
Figure 2.2 Molecular structure of complex [Hf{C(SiMe3)2C5H4N-2}2(CH3)2] (38) 
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The structures of the complexe 36 and 38 are similar to the metal dichloride 
analogues showing a distorted octahedral geometry. A crystallographically 
imposed C2 axis is absent in complex 36 as the bulkiness of methyl group is 
greater than that of a chloro group that distort the geometry of the zirconium 
centre. Complex 36 is no longer centrosymmetric when compared with the metal 
dichloride analogue. Selected bond distances and angles are shown in Table 2.1 
and 2.2. 
The bond distances of Hf(l)-C(25) and Hf(l)-C(26) are 2.308(6)A and 
2.336(5)A respectively. Two singlet peaks due to two non-equivalent methyl 
carbons were observed in the ^ C^ N M R spectrum of 38. The bond difference may 
be due to the steric hindrance of four bulky trimethylsilyl groups around the 
hafnium atom. The bond angle of 96.2(2)。for C(25)-Hf(l)-C(26) is similar to the 
C-Zr-C bond angle of 95.6(12)。in zirconocene dimethyl (77 ^ C5H5)2Zr(CH3)2 in 
solid state.9 
Table 2.1 Selected Bond Distances (A) for Complexes 36 and 38 
Zr(l)-N(l) 2 3 m 2.308(6) “ 
Zr(l)-N(2) 2.294(4) 2.287(6) 
Zr(l)-C(l) 2.807(4) 2.818(8) 
Zr(l)-C(6) 2.411 ⑷ 2.490(7) 
Zr(l)-C(17) 2.791(4) 2.785(8) 
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Zr(l)-C(18) 2.472(4) 2.405(7) 
Zr(l)-C(25) 2.244(4) 2.308(6) 
2:r ⑴-Cl(l)/C(26) 2.4222(15) 2.336(5) 
Table 2.2 Selected Bond Angles (deg) for Complexes 36 and 38 
C(25)-M(1)-C1(1)/C(26)96.14(14) 96.2(2) 
C(6)-M ⑴-Cl(l)/C(26) 91.36(11) 90.0(2) 
C(18)-M(1)-C1(1)/C(26) 92.55(11) 92.4(2) 
C(6)-M ⑴-C(25) 124.01(16) 124.0(2) 
C(18)-M ⑴-C(25) 94.02(16) 92.4(2) 
N(l)-M(l)-C(6) 91.36(11) 58.4(2) 
N(2)-M ⑴-C(18) 59.94(14) 60.4(2) 
C(6)-M ⑴-C(18) 141.06(15) 141.5(3) 
N(l)-M ⑴-N(2) 76.49(14) 77.1(2) 
N(l)-C(l)-C(6) 112.4(4) 111.8(7) 
N(2)-C(l 7)-C(l 8) 111.9(4) 111.3(6) 
2.2.3 Preparation and Characterization of [Zr{N(SiMe3)C(Bu')C(H) 
(C5H4N-2)h(CH3)2�（41) and [Hf{N(SiMe3)C(Bu')C(H)(C5H4N-2)}2 
(CH3)2�(42) 
The reaction of 2 equivalents of LiMe with the group 4 metal dichloride 
complexes [M{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}2Cl2] [M = Zr (39) or Hf (40)] in 
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Reagents and conditions: (i) 2 eq. LiMe, toluene, -78°C to 25°C, 8 h. 
Both of these complexes are bright yellow and sparingly soluble in hexane, 
or readily soluble in toluene and THF. These complexes have been characterized 
by ^ H and "C N M R spectrosopy, elemental analysis and X-ray structural analysis. 
The ^ H and ^ C^ N M R spectra of complex 41 were similar to those of 42. The 
^H N M R spectra of complexes 41 and 42 displayed sharp singlet resonance for the 
SiMes (6 0.23 ppm for 41，0.24 ppm for 42)，((50.81 for 41，0.76 for 42)，CH3 
((51.59 for 41，1.30 for 42) and CH (5 5.83 for 41，5.83 for 42) groups. In the ^ C^ 
N M R spectra, a sharp singlet peak due to the methyl carbon was observed at 6 
49.70 for 41 and 55.98 for 42. 
41 
2.2.4 Molecular Structures of [Zr{N(SiMe3)C(But)C(H)(C5H4N-2)}2(CH3)2l 
(41) and [Hf{N(SiMe3)C(Biit)C(H) (C5H4N-2)}2(CH3)2�(42). 
The molecular structure of complex 41 is shown in Figure 2.3. The 
zirconium center is in a distorted octahedral environment. It is bonded to N(l)， 
N(2), N(3) and N(4) atoms of the two 1-azaallyl skeletons and the two methyl 
groups. The two methyl ligands are in a cis-arrangement which is crucial from a 
catalytic point of view. The structural features is similar to those of 
[Zr{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}2Cl2]. 
Figure 2.3 Molecular structure of complex [Zr{N(SiMe3)C(Bu^)C(H) 
(C5H4N-2)}2(CH3)2] ( 4 1 ) 
As shown in Table 2.3 and Table 2.4, the C(41)-Zr(l)-C(42) bond angle of 
77.40(11)。is smaller than that of 95.6(12)。in zirconocene dimethyl complex [ rj 
42 
5C5H5]2Zr(CH3)2.9 The Zr-C bond distances of 2.404(3) A and 2.446(3) A are 
longer than those of 2.273(5) A and 2.280(5) A in (7y -^C5H5)2Zr(CH3)2. 
The molecular structure of complex 42 is shown in Figure 2.4. By comparing 
with the structural features of complex 41，they are similar and show two 
important features: (i) the distorted octahedral coordination geometry about the 
metal center and (ii) the cis-position of the methyl groups. The C(l')-Hf(l)-C(2') 
bond angle of 80.49(16)。is larger than that of 77.40(11)。in complex 41.The Hf-C 
bond distances of 2.323(5) A and 2.229(6) A are shorter than those of 2.404(3) A , 
2 446(3) A in complex 41. It is shown that the steric crowding due to the ligands 
‘ ！ 




Figure 2.4 Molecular structure of complex [Hf{N(SiMe3)C(Bu)C(H) 
(C5H4N-2)}2(CH3)2] (42) 
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Table 2.3 Selected Bond Distances (A) for Complexes 41 and 42 
M(l)-N(l) 2.404(3) 2.433(3) 
M(l)-N(2) 2.155(3) 2.202(3) 
M(l)-N(3) 2.400(3) 2.309⑷ 
M ⑴-N(4) 2.153 ⑶ 2.155 ⑷ 
M ⑴-C(41)/C(r) 2.404(3) 2.323(5) 
M ⑴-C(42)/C(2’） 2.446(3) 2.229(6) 
N(l)-C(5) 1.355(5) 1.254(6) 
C(5)-C(6) 1.459(5) 1.503(7) 
C(6)-C(7) 1.339(5) 1.328(6) 
C(7)-N(2) 1.404(5) 1.490(5) 
N(3)-C(25) 1.344(4) 1.425(6) 
C(25)-C(26) 1.457(5) 1.416(8) 
C(26)-C(27) 1.321(5) 1.405(7) 
C(27)-N(4) 1.398(5) 1.265(6) 
Table 2.4 Selected Bond Angles (deg) for Complexes 41 and 42 
C(41)/C(r)-M⑴-C(42)/C(2，）77.40(11) 80.46(16) 
N(l)-M(l)-N(2) 75.33(11) 74.43(11) 
N(3)-M ⑴-N ⑷ 74.59(10) 74.78(14) 
N(2)-M ⑴-N(3) 90.15(11) 91.86(12) 
N(l)-M(l)-N(4) 90.23(11) 90.66(13) 
N(l)-C(5)-C(6) 120.3 ⑷ 125.1(5) 
C(5)-C(6)-C(7) 125.3(4) 123.7(4) 
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t 
C(6)-C(7)-N(2) 120.1(3) 120.2(4) 
N(3)-C(25)-C(26) 120.1 (3) 114.7(4) 
C(25)-C(26)-C(27) 125.5(3) 122.8(5) 
C(26)-C(27)-N(4) 120.6(3) 120.3(4) 
2.2.5 Preparation and Characterization of [Zr{{N(SiMe3)C(Bu')C(H)}2 
C6H4-1，2}](CH3)C1] (44) and [Hf{{N(SiMe3)C(Bu^)C(H)}2 C6H4-1,2}] 
CI2] (45) and [Hf{{N(SiMe3) C(Bu')C(H)}2C6H4-l,2}](CH3)Cl] (46) 
The reaction of [Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}Cl2] with 2 
equivalents of LiMe or K M e in ether gave a pale yellow crystalline solid of 
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Reagents and conditions: (i) 2 eq. LiMe, toluene, -78^C to 25 8 h; (ii) 2 eq. KMe, EtzO，-78°C 
to 25�C，8 h. 
Complex 45 was prepared by the reaction of [{{N(SiMe3)C(Bu)C(H)}2 
C6H4-1,2}]{K2(TMEDA)}] with HfCU, a similar method for the preparation of 
[Zr{{N(SiMe3)C(But)C(H)}2C6H4-l，2}Cl2]io(43). The yield of 68% for 
45 
[Hf{{N(SiMe3)C(Bu')C(H)} 2C6H4-1,2} CI2] (45) was lower than that of 74% for 
[Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}Cl2]. 
Similarly, complex 46 was obtained in 65% yield by methylation of 45 
using 2 equivalents of LiMe (Scheme 2.6). 
Scheme 2.6 
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Reagents and conditions:� HfCU, E tA -78�C to 25�C，24 h; (ii) 2 eq. LiMe, Et!。，-78�C to 25°C, 
8h. 
Complexes 44 and 46 are soluble in solvents such as Et�。，CH2CI2 and THF. 
These compounds were characterized by N M R spectroscopy, elemental analysis 
and X-ray structure analysis. The ^ H and ^ C^ N M R spectra of complexes 44 and 
46 were similar but different from those for complex 45. The ^ H N M R data of 
complexes 44-46 are summarized in Table 2.5. It was found that the methyl group 
of 45 is less shielded than that of 46. The resonances of the phenyl protons of 
46 
complex 44-46 were somewhat different. 
Table 2.5 H^ NMR Data for Complexes 44-46 
Complex phenyl CH SiMes CH3 
^ 6.94，7.16 ^ ~ ~ 0.29 
45 6.99,7,29 6.27 1.41 0.20 -
46 7.03，7.26 6.15 1.38 0.18 0.10 
2.2.6 Molecular Structures of [Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}] 
(CH3)C1�（44)，[Hf{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]Cl2] (45) and 
[Hf{{N(SiMe3)C(But)C(H)}2QH4-l，2}](CH3)Cl](46) 
The molecular structure of complex 44 is shown in Figure 2.5. The 
zirconium center is in a distorted pseudo-octahedral environment consisting of 
C(7)，N(l), C(13) and N(2) atoms of the two 1-azallyl skeletons with the chloride 
and methyl ligands completing the coordination sphere. The average Zr-N bond 
distance of 2.186 A is slightly longer than that of 2.164(8) A in complex 4 6 (Table 
2.6). � 
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Figure 2.5 Molecular structure of [Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}](CH3) 
CI] (44) 
As shown in Figures 2.6 and 2.7，both of complexes 45 and 46 display a 
pseudo-octahedral geometry surrounding the hafnium center similar to that of 
complex 44. For complex 45，the average N-Hf-Cl(l) bond angles of 84.47(3)。is 
much smaller than that of 105.89(4)。for ZN-Hf-Cl(2). It shows that the steric 
hindrance of trimethylsilyl group to Cl(l) is larger than that to Cl(2). It may be the 
reason that monomethyl complexes 44 and 45 were synthesized, while the 
dimethyl complex derivatives could not been obtained. 
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Figure 2.6 Molecular Structures of [Hf{{N(SiMe3)C(Bu^ )C(H)}2C6H4-l,2}]Cl2] 
(45) 
C(3) C ⑷ 
C"71 i I 
w CHI) c(21) 
C(23) 
Figure 2.7 Molecular Structures of [Hf{{N(SiMe3)C(Bu^ )C(H)}2C6H4-l,2}] 
(CH3)C1] (46) 
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Table 2.6 Selected Bond Distances (A) for Complex 44-46 
9 10 11 
M(1)-N(1) 2.158(3) 2.172(3) 
M(1)-N(2) 2.187(4) 2.145(3) 2.157(3) 
M(1)-C(25)/C1(2) 2.241(5) 2.3669(11) 2.216(4) 
• M(1)-C1(1) 2.424(3) 2.4219(10) 2.3942(19) 
M(1)-C(8) 2.591(5) 2.553⑶ 2.567(4) 
M ⑴-C(7) 2.516(6) 2.467(4) 2.499(4) 
M(1)-C(6) 2.667(5) 2.649(3) 2.661(4) 
M(l)-C(l) 2.676(5) 2.69(X4) 2.691 ⑷ 
M ⑴-C(13) 2.533(5) 2.511(4) 2.539(4) 
M ⑴-C(14) 2.589(5) 2.539⑷ 2.566(4) 
N(1)-C(8) 1.402(7) 1.364(5) 1.371(5) 
C(8>C(7) 1.382(7) 1.385(5) 1.385(6) 
C(7)-C(6) 1.498(7) 1.493(5) 1.487(5) 
C(6)-C(l) 1.388(8) 1.394(5) 1.385(6) 
N(2)-C(14) 1.378(6) 1.369(5) • 1.368(5) 
C(14)-C(13) 1.377(8) 1.369(5) 1.374(6) 
C(13)-C(l) 1.499(8) 1.494(5) 1.489(6) 
Table2.7. Selected Bond Angles (deg) for Complexes 44-46 
9 10 11 
""“N(1)-M(1)-N(2) 148.92(15) 146.85(12) 148.63(12) 
N(2)-M ⑴-Cl(l) 85.69(13) 84.31(8) 85.58(10) 
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N ⑴-M ⑴-Cl(l) 86.35(14) 84.62(8) 86.10(10) 
N(2)-M ⑴-C(25)/C1(2) 105.9(2) 106.44(9) 105.82(16) 
N ⑴-M ⑴-C(25)/C1(2) 105.9(2) 105.33(9) 104.62(16) 
C(25)/C1(2)-M ⑴-Cl(l) 91.29(17) 93.40(4) 91.73(15) 
N(l)-M ⑴-C(7) 59.35(18) 59.39(13) 59.44(14) 
N(2)-M(l)-C(13) 58.35(17) 59.06(11) 58.52(13) 
C(14)-N(2)-Si(2) 135.8 ⑷ 135.1(3) 135.0(3) 
C(14)-N(2)-M ⑴ 90.2 ⑶ 89.7(2) 90.5(2) 
Si(2)-N(2)-M(l) 134.0(2) 135.19(18) 134.38(19) 
C(8)-N(l)-Si(l) 136.0(4) 135.7(3) 136.1 ⑶ 
C(8)-N(l)-M ⑴ 89.7(3) 90.0(2) 89.9(2) 
Si(l)-N(l)-M(l) 134.2(2) 134.29(16) 133.98(18) 
C(13)-C(14)-N(2) 114.8(5) 115.7(3) 115.6(4) 
C(13)-C(14)-C(15) 121.1(5) 119.8(4) 120.2(4) 
N(2)-C(14).C(15) 123.8(5) 124.2⑶ 124.0(4) 
C(14)-C(13)-C(l) 121.2(5) 119.5(3) 121.0(4) 
C(14)-C(13)-M(l) 76.6(3) 75.4(2) 75.5(2) 
C(6)-C ⑴-C(13) 120.3(5) 119.0(4) 120.4⑷ 
C ⑴-C(6)-C(7) 119.7(5) 118.8(4) 119.1(4) 
C(8)-C(7)-C(6) 121.3(5) 120.4(4) 120.2(4) 
C(8)-C(7)-M(l) 77.3(3) 77.4(2) 76.9(2) 
C(7)-C(8)-N ⑴ 114.7(4) 114.2(3) 115.6 ⑷ 
C(7)-C(8)-C(9) 121.2(5) 120.7(3) 120.2(4) 
N(l)-C(8)-C(9) 123.9(5) 124.9(4) 123.8(4) 
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2.2.7 Attempted reaction of [Hf{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]Cl2] with 
2 equivalents of KMe. 
In order to synthesize the dimethyl derivative of 
[Hf{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]Cl2] (45)，the more reactive methylating 
agent KMe was used to react with 45 in THF at -78°C (Scheme 2.7). A red oil was 





\ / .... 2 KMe Hf '*^  ^ red oil 




2.2.8 Preparation and Characterization of [Ni{N(SiMe3)C(Bu')C(H) 
(C5H4N-2)h�(47). 
The reaction of [Li{N(SiMe3)C(But)C(H)(C5H4N-2)}]2" (23) with NiCh in 
THF at -78°C, afforded complex 4 7 (Scheme 2.8). A substantial amount of black 
precipitate was observed which may be due to the nickel metal, showing that 
nickel(II) chloride underwent reduction to Ni(0) species. Using hexane as solvent 




MesSi-r^  N ^ + 腦2 丄 Mes^l i J + _ ) 
^N-SiMes f ^^N" N—SiMeg 
23 47 
Reagents and conditions: (i) THF, -78�C to 25�C，12 h. 
Complex 47 was characterized by ^ H and ^ C^ N M R spectroscopy, elemental 
analysis, UV-vis spectroscopy and X-ray crystallography. 「 
In the ^ H N M R spectrum of 47, the proton signals of the SiMes, Bu^ CH and 
pyridyl groups were clearly shown at d 0.20, 1.26, 6.30 and in the region of 
6.55-7.84 ppm respectively. In the ^ C^ N M R spectrum, 10 peaks were observed 
which were consistent with the structure of complex 47. The solid state structure 
has been detemined by X-ray crystallography. 
In the UV-vis spectrum, three absorption bands at 486 nm (£ = 2.09x10^ ^ 
M-icm-、346 nm (£ = 4.37x10^  M-^ cm'^ ) and 290 nm (£= 4.09x10^  M-^ cm'') 
were observed. The large absorption coefficients for these bands suggest that they 
are probably charge transfer or ligand-ligand transition bands. 
2.2.9 Molecular Structures of [Ni{N(SiMe3)C(Bu')C(H)(C5H4N-2)}2l (47). 
The molecular structure of 47 is shown in Figure 2.8. Selected bond 
distances and angles are listed in Table 2.8. Some important crystallographic data 
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are compiled in the Appendix. 
The coordination sphere of the square planar nickel(II) center of complex 47 
comprises the two pyridyl substituted 1-azallyl ligands which are bound to the 
metal center in a trans-NN-chelate with linear bonds. 
Nickel(II) dialkyl complex Ni{C(SiMe3)2C5H4N-2}2 comprising of two 
ligands in a trans-chelate has been prepared in our group (Figure 2.5) which is 
also in square planar geometry. 
Figure 2.5 
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In comparing with the nickel(II) dialkyl (48)，the average Ni-N bond 
distances of 1.9115(17)人 in 47 is slightly longer than the corresponding distances 
of 1.889(2) A in the nickel(II) dialkyl complex. 
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Figure 2.8 Molecular structure of complex [Ni {N(SiMe3)C(Bu^)C(H) 
(C5H4N-2)}2] (47) 
Table 2.8 Selected Bond Distances (A) and Angles (deg) for Complex 47 
Ni(l)-N(l) ‘ 1.9115(17)Ni ⑴-N(IA) 1.9115(17) 
Ni(l)-N(2) 1.9222(15) Ni ⑴-N(2A) 1.9222(15) 
N(1)-C(5) 1.357(3) C(5)-C(6) 1.426(3) 
C(6)-C(7) 1.367(3) N(2)-C(7) 1.373(3) 
C(5)-C ⑷ 1.407(3) C(l)-N(l) 1.350⑶ 
C ⑴-C(2) 1.370(4) C ⑵-C(3) 1.369(5) 
C(3)-C(4) 1.356(4) 
N ⑴-Ni(l)-N(1A) 180.00(15) N(2)-Ni ⑴-N(2A) 180.00(17) 
N(1A)-Ni ⑴-N(:2) 90.75(7) N ⑴-Ni ⑴-N(2A) 90.75(7) 
N(1A)-Ni ⑴-N(2A) 89.25(7) N ⑴-Ni ⑴-N(2) 89.25(7) 
N(l)-C(5)-C(6) 119.60(19) C(5)-C(6)-C(7) 124.1(2) 
C(6)-C(7)-N(2) 122.1(2) 
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2.2.10 Attempted preparation of pyrazyl-linked bis-1-azaallyl zirconium 
halides complexes. 
The metathesis reactions of dilithium salt 26 and dipotassium salt 28 with 
ZrCU and CpZrCb were studied (Scheme 2.9). For the reaction of dilithium 26 
with ZrCU, no crystalline product was isolated from the dark red resulting 
solution but some yellow solids were precipitated out. As shown by ^H-NMR 
spectroscopy, it was not the expected product. 
Scheme 2.9 
4ZrCl4THF ” ... 
26 ^ yellow solids 
-780c to 25°C, Iday 
4 CpZrCla THF t 
i-780Cto250c;T^ ” KOBut 
4ZrCl4THF ^ , , . . 
28 dark red oil 
-78。C to 25。C，Iday 
For the reaction of dipotassium salt 28 with ZvCU, a yellowish brown 
solution was formed. By extraction with toluene followed by concentration, a 
yellow solid was obtained which also could not be identified. 
In order to study the reactivity of the pyrazyl-linked bis-1-azaallyl dilithium 
and dipotassium compounds, the reactions of 26 and 28 with CpZrCb were also 
studied. Similar results were found in both reactions. Pale yellow crystals were 
formed in the resulting solution and they were confirmed as zirconocene 
dichlorides by X-ray crystallography. 
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2.3 Experimental Section 
Materials: Anhydrous ZrCU, HfCU and LiMe were purchased from The 
Aldrich Chemical Co. and used without further purification. NiCb was prepared 
by dehydration of NiCl2xH20 as described in the literature. ^^  
[Li{C(SiMe3)2C5H4N-2}]2i3，[Li{N(SiMe3)C(But)C(H)(C5H4N-2)}]2,i4[{{N(SiMe3 
)C(But)C(H)}2C6H4-l，2}]{K2(TMEDA)}]u were prepared as described in the 
literature. KMe was prepared by the reaction of LiMe with KOBu^ in ether at -30 
Synthesis of [ZrlQSiMeghQHdN-lhCh] (35). To a suspension of ZrCU (2.45 g， 
10.52 mmol) in ether (40 mL) at 0。C was added slowly a solution of 
[Li{C(SiMe3)2C5H4N-2}]2 (5.26 g，21.60 mmol) in ether (20 mL). The resultant 
yellow suspension was further stirred at 25。€ for 16 h. The white precipitate was 
separated and the yellow filtrate was concentrated in vacuo. Upon standing at 
room temperature for 18 h, bright yellow crystals were obtained, yielded 3.01 g 
(450/0) of 35. The crystals can be recrystallized from warm toluene/ H N M R (250 
MHz，C6D6): (5 0.25(s，SiMe3，18H)，6.09-6.15(dd,C5H4N,lH), 6.74-6.87(m, 
C5H4N，2H)，7.76-7.78(m,C5H4N,lH) ^^ C N M R (62.89 MHz, CeDs): (5 4.31 
(SiMes), 34.32 (CSiMea), 117.38，124.71, 140.71，145.73，172.32 (C5H4N). 
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Synthesis of [Zr{C(SiMe3)2C5H4N-2}2(CH3)Cl] (36). (i) To a yellow suspension 
of [Zr{C(SiMe3)2C5H4N-2}2CI2] (1.48 g, 2.34 mmol) in ether (20 mL) at -78。C 
was added slowly 3.36 mL of LiMe (4.70 mmol, 1.4 M in ether). Wanning to 
room temperature, a yellow suspension was formed and stirred for 8 h. The 
precipitate was separated and the filtrate was concentrated to 5 mL in vacuo. Upon 
standing at room temperature for two days, bright yellow crystals of the product 
was obtained, which were collected by filtration and washed with cool pentane 
and dried in vacuo, yielded 0.92 g (64%). (ii) To a white suspension of 
[Zr{C(SiMe3)2C5H4N-2}2Cl2] (0.74 g, 1.17 mmol) in ether (20 mL) was added 
quickly KMe (0.13 g, 2.36 mmol) at -78 with stirring. After warming to room 
temperature, a yellow suspension was formed. After stirring for 8 h, a dark red 
slurry was formed. The precipitate was filtered off by celite and the filtrate was 
concentrated to 5 mL in vacuo. Upon standing at room temperature for one day, 
bright yellow crystals were obtained, which were collected by filtration and 
washed with cool pentane and dried in vacuo, yielded 0.32 g (58%) Anal. Found: 
C,48.85; H，7.71; N,4.56%. Calc. For C25H47Si4N2ZrCl: C，48.82; H，7.62; N, 
4.60%. 1 H N M R (300 MHz, CgDg): 5 0.06(s,SiMe3,18H), 1.71(s，ZrCH3，3H)， 
6.57-6.64(dd，C5H4N，lH)，6.68-6.70(d,C5H4N，2H)，8.37-8.39(d,C5H4N,lH) " c 
N M R (75.46 MHz, CsDe): d 3.09，3.53 (SiMes), 60.83(ZrCH3)，63.26 
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(CSiMe3)116.69，127.89，139.32，144.311，171.77 (C5H4N) 
Synthesis of [Hf{C(SiMe3)2C5H4N-2}2Ch�(37) To a suspension of HfCl4(3.35 g, 
10.45 mmol) in ether (20 mL) at 0°C was added dropwise a solution of 
[Li{C(SiMe3)2C5H4N-2}]2 (5.11 g，20.99 mmol) in ether (30 mL) with stirring. 
The resulting light yellow suspension was further stirred at room temperature for 
16 h. A clear pale yellow solution with white precipitate was obtained. The 
solution was filtered through Celite and the filtrate was concentrated in vacuo. 
Upon standing at room temperature for 1 night, large yellow crystals of 37 were 
obtained, yielded 2.85 g(39%) of (37). ^ H N M R (250 MHz, CeDs): 5 0.24(s， 
SiMe3,18H), 6.10-6.16(dd,C5H4N,lH), 6.73-6.80(dd,C5H4N,lH), 6.85-6.88(d, 
C5H4N，1H)，7.70-7.72 (mAPWSUH) '^C N M R (62.89MHz, C6D6):53.61 (Si 
Mes), 36.12 (CSiMea), 116.80，118.20, 139.70，144.52，173.71 (C5H4N). 
Synthesis of [Hf{C(SiMe3)2C5H4N-2}2{CH3}2】(38) To a yellow solution of 
[Hf{C(SiMe3)2C5H4N-2}2Cl2] (2.04 g, 2.82 mmol) in ether (20 mL) at -78 was 
added slowly 4.03 mL of LiMe with stirring (5.64 mmol, 1.4 M in ether). After 
warming to room temperature, a yellow suspension was formed. After stirring for 
18 h, yellow slurry was formed. The precipitate was separated and the filtrate was 
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concentrated to 5 mL in vacuo. Upon standing at room temperature for one week, 
bright yellow crystals were obtained, which were collected by filtration, washed 
with cool pentane and dried in vacuo, yielded 1.01 g(53%). Anal. Found: C,45.82; 
H,7.39;N,4.11%. Calc. For CasHsoSiiNaHf: C, 45.30; H，6.80; N,4.35%. ^H N M R 
(300MHz, C6D6)： 5 0.14(s,HfCH3，3H)，5 0.25(s,SiMe3，18H)，5 1.13(s，Hf-CH3， 
3H) 5 6.09-6.15(dd，C5H4N，lH)，6.74-6.87(m,C5H4N,2H), 7,76-7.7S(m,C5iUK 
IH) 13c N M R (62.89 MHz, CsDs): 54.31(SiMe3)，62.76, 62.89 (HfCHs) 67.42 
(CSiMes), 114.15，126.08，137.16, 141.77，168.22 (C5H4N). 
Synthesis of [Zr{N(SiMe3)C(Bu')C(H)(C5H4N-2)}2Cl2] (39) To a suspension of 
ZrCU (3.34 g, 5.08 mmol) in ether (10 mL) at 0 。C was added 
[N(SiMe3)C(Bu')C(H)(C5H4N-2)Li]2 (2.62 g, 5.15 mmol) in ether (40 mL) with 
stirring. The yellow reaction mixture was allowed to reach room temperature and 
stirred for 20 h. The volatiles were then removed in a vacuum and the residue was 
extracted with toluene and filtered through Celite. Concentration of the filtrate to 
5mL afforded bright yellow crystals of 39，yielded 0.93 g (28%) ^H N M R 
(250MHz, C6D6)： 5 0.43(s,SiMe3，18H)，0.79(s，CMe3，18H)，5.81(s,CH,lH) 
6.49-6.57.(m，C5H4N，2H), 6.92-6.98(d，C5H4N，lH)，10.16-10.18(d,C5H4N,lH) ^ 'C 
N M R (62.9MHz, C6D6): (54.0 (SiMes), 30.5(CMe3)，38.2 (CMes), 111.5(CH) 
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120.9，123.7,138.1, 151.4，156.4 (C5H4N) 170.6 (NCBu) 
Synthesis of [Hf{N(SiMe3)C(Bu')C(H)(C5H4N-2)}2Cl2] (40) The procedure was 
similar to that used for [Zr{N(SiMe3)C(Bu^ )C(H)(C5H4N-2)}2Cl2], starting from 
HfCU(1.71 g，5.4 mmol), yielded: 1.98 g (49%) ^ H N M R (250MHz，CgDs): 5 
0.39(s,SiMe3,18H), 0.76(s，CMe3，18H ), 5.74(s,CH,lH) 6.44-6.49.(m，C5H4N,2H)， 
6.85-6.92(d,C5H4N，lH)，10.12-10.14(d，CsHaNJH) " C NMR (62.9MHz, CeDs): 
5 4.3 (SiMes), 30.8(CM幻)，38.5(CMe3)，112.3(CH) 120.5，123.9，138.0， 
151.2,157.1 (C5H4N) 171.1 (NCBu') 
Synthesis o f [Zr{N(SiMe3)C(But)C(H)(C5H4N-2)h(CH3)2】（41) To a solution of 
[Zr{N(SiMe3)C(But)C(H)(C5H4N-2)}2Cl2] (1.44 g, 2.20 mmol) in toluene (20 mL) 
at -78。C was added slowly 3.20 mL of LiMe (4.48 mmol, 1.4 M in ether) with 
stirring. After warming to room temperature, a yellow suspension was formed. 
After stirring for 18 h, the precipitate was separated and the filtrate was 
concentrated to 10 mL in vacuo. Upon standing at room temperature for one day, 
bright yellow crystals of 4 1 was obtained, which were collected by filtration, 
washed with cool pentane and dried in vacuo, yielded 0.78 g (58%). Anal. Found: 
C,51.22; H,7.45;N,7.96%. Calc. For CsoIfeNASizHf: C, 50.89; H, 7.47; N, 8.14%. 
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iH N M R (300MHz, CeDs): 5 0.23(s，SiMe3，18H)，0.81(s，CMe3，18H)，1.59 
(ZrCH3,3H), 5.83(s，CH，lH)，6.46-6.5l(m，C5H4N,2H)，6.90-6.97.(d,C5H4N，lH), 
8.99-9.01(d，C5H4N，m). '^C N M R (75.46MHz，C6D6): 5 3.59(SiMe3), 
30.38(CMe3)，38.64(CMe3), 49.70(ZrCH3)，109.72(CH)，120.16，123.64，137.55， 
147.83，157.17(。5講，170.81 (NCBu^ 
Synthesis of [Hf{N(SiMe3)C(But)C(H)(C5H4N-2)}2(CH3)2].(42) To a stirring 
solution of [Hf{N(SiMe3)C(But)C(H)(C5H4N-2)}2Cl2] (1.80 g, 2.41 mmol) in 
ether (20 mL) at -78 was added slowly 3.45 mL of LiMe (4.83 mmol, 1.4 M in 
ether). After warming to room temperature, a yellow suspension was formed. 
After stirring for 18 h, the precipitate was filtered off and the filtrate was 
concentrated in vacuo. Upon standing at room temperature for three days, bright 
yellow crystals of compound was obtained, which were collected by filtration and 
washed with cool pentane and dried in vacuo, yielded 0.76 g (45%). Anal. Found: 
C,51.22; H，7.45;N，7.96%. Calc. For CsoHszNgSizHf: C, 50.89; H, 7.47; N, 8.14%. 
iH N M R (300MHz, CeDe)： d 0.24(s，SiMe3，18H)， 0.802(s,CMe3, 
18H)，1.31(HfCH3)，5.83(s，CH,lH)，6.45-6.52(m，C5H4N，2H)，6.90-6.97 (dAHiN， 
IH), 9.09-9.11(d，C5H4N，lH). '^ C N M R (75.46MHz, CeDe)： 6 4.03(SiMe3)， 
30.46(CMe3), 38.57(CMe3)，55.98(HfCH3)，110.34(CH)，120.31, 123.59，137.47， 
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148.03, 157.38(C5H4N), 170.97 (NCBu). 
Synthesis of [Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]Cl2l (43) To a white 
suspenion of ZrCU (1.66 g (7.12 mmol) in ether (20 mL) at -78。C was added 
dropwise [{{N(SiMe3)C(Bu^)C(H)}2C6H4-l,2}]{K2(TMEDA)})(4.16 g, 6.84 
mmol) in ether (10 mL). On warming to room temperature and stirring for 24 h, 
the formed KCl precipitate was filtered off from the yellow slurry. Concentration 
of the filtrate to ca. 10 mL and keeping at room temperature overnight gave pale 
yellow crystals of 4 5 were formed which were collected, washed with pentane and 
dried in vacuo, yielded 2.92g (74.1%). ^ H N M R (300MHz, CDCI3)： 5 0.23(s, 
SiMe3，18H)，1.42(s,CMe3,18H), 6.38(s,CH,lH) 7.02(dd，C6H4，2H)，7.32(dd, 
C6H4,2H) 
Synthesis of [Zr{{N(SiMe3)C(But)C(H)hC6H4-l，2}](CH3)Cl】（44) (i) To a 
solution of [Zr{{N(SiMe3)C(But)C(H)}2C6H4-l，2}]Cl2] (1.23g，2.13 mmol) in 
toluene (20 mL) at -78。(： was added slowly 3.10 mL of LiMe (4.34 mmol, 1.4 M 
in ether) with stirring. After wanning to room temperature, a yellow suspension 
was formed. After stirring for 18 h, the precipitate was filtered off and the filtrate 
was concentrated to 5 mL in vacuo. On standing of the solution at room 
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temperature for one day, pale yellow crystals of 44 were obtained, which were 
collected by filtration and washed with cool pentane and dried in vacuo, yielded 
0.87 g，(74%). (ii) To a solution of [Zr{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]Cl2] 
(1.02 g, 1.74 mmol) in ether (20 mL) at -78。C was added quickly a white solids 
ofKMe(0.18 g, 3.32 mmol) with stirring. After stirring overnight, dark red slurry 
was obtained. Volatile was then removed in vacuo and ether (30 mL) was added. 
After filtration and concentration to 10 mL, pale yellow crystals were formed, 
yielded 0.52 g (78%) (^ H N M R (300MHz，CDCI3)： 5 0.11(s，SiMe3,18H), 0.29(s, 
ZrMe，3H)1.42(s,CMe3，18H)，6.34(s，CH，lH) 6.94(dd，C6H4,2H)，7.16(dd，C6H4，2H) 
13c N M R (75.5MHz, CDCI3)： 5 3.84(SiMe3)，30.34 (CM幻)，39.65 (CMes),42.81 
(ZrCHs) 96.94(CBut),129.93(CH) 135.37, 137.22,170.20 (C6H4) 
Synthesis of [Hf{{N(SiMe3)C(But)C(H)}2C6H4-l，2}】Ch】（45) To a white 
suspenion of HfCU (0.84 g 2.62 mmol) in EtzO (20 mL) at -78。C was added 
dropwise [{{N(SiMe3)C(Bu^)C(H)}2C6H4-l,2}]{K2(TMEDA)})(1.60g, 2.64mmol) 
in ether (10 mL). On wanning to room temperature and stirring for 24 h, the KCl 
precipitate formed was filtered off from the yellow slurry. Concentration of the 
filtrate to ca. 10 mL and kept at room temperature overnight gave pale yellow 
crystals of 45 were formed which were collected, washed with pentane and dried 
64 
in vacuo, yielded 1.18g (68%). Anal. Found: C,43.48; H，6.37; N,4.22%. Calc. For 
C24H42N2Cl2Si2Hf: C, 42.85; H, 6.45; N, 4.34%. ‘ H N M R (300MHz, CDCI3)： 5 
0.20(s,SiMe3，18H)，1.41(s，CMe3，18H )，6.27(s，CH，lH) 6.98-7.00(dd，C6H4，2H)， 
7.28-7.30(dd，C6H4，2H) '^C N M R (75.5MHz，CDCI3)： (5 4.12(SiMe3)，29.97 
(CMes), 39.79 (CMes), 94.85(CBu%131.09(CH) 133.81, 137.57，178.13 (C6H4) 
Synthesis of [Hf{{N(SiMe3)C(Bu')C(H)}2C6H4-l,2}]CH3Cl] (46) To a solution 
of [Hf{{N(SiMe3)C(But)C(H)}2C6H4-l，2}]Cl2] (0.97 g, 1.50 mmol) in ether 
(20mL) at -78。C was added slowly 2.20mL of LiMe (3.08 mmol, 1.4M in ether) 
with stirring. After warming to room temperature, a yellow slurry was formed. 
After stirring for 18 h, the precipitate was filtered off by celite and the filtrate was 
concentrated to 10 mL in vacuo. On standing of the solution at room temperature 
for one day, pale yellow crystals of 46 was obtained, which were collected by 
filtration and washed with cool pentane and dried in vacuo yielded 0.62 g (65%). 
Anal. Found: C, 42.34; H, 7.61; N，4.70%. Calc. For CziHisNiSizHfCl: C, 42.06; 
H，7.14; N, 4.17%. ^ H N M R (300 MHz, C6D6): 5 0.18(s，SiMe3，18H)，1.13(s， 
HfCH3,3H),1.38(s,CMe3,18H )，6.15(s，CH，lH)，7.01-7.06(m，C6H4，2H), 7.23-7.28 
(m,C6H4,2H) 
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Synthesis of [Ni{N(SiMe3)C(Bu')C(H)(C5H4N-2)}2] (47) To a yellow suspension 
of NiCl2 (0.32 g，2.26 mmol) in THF (20 mL) was added 
[Li{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}]2 (1.19 g，2.23 mmol) in THF (10 mL) 
at -78 with stirring. After warming to room temperature and stirring overnight, 
dark green solution was obtained. Volatile was removed in vacuo and hexane was 
added for extraction. After filtration and concentration of the filtrate to 10 mL, 
dark green crystals of 4 7 was formed which were collected by filtration and 
washed with cool pentane and dried in vacuo, yielded 0.56 g (45%). Anal. Found: 
C,60.75; H,8.38;N,10.12%. Calc. For C28H46N4Si2Ni: C, 59.54; H, 8.16; N， 
10.19%. ^ H N M R (300MHz，CDCI3): 5 0.20(s,SiMe3，18H)，1.26(s，CMe3，18H)， 
6.30(s，CH，lH) 6.55-6.59.(m，C5H4N，2H)，7.13-7.17.(d，C5H4N，lH), 7.82-7.84(d, 
C5H4N,1H). 13c N M R (75.46MHz, CDCI3)： 5 4.63(SiMe3)，32.27(CMe3)， 
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CHAPTER 3 
Catalytic Activity Studies of 1-
Azaallyl Group 4 Metal Dimethyl Complexes in 
Ethylene Polymerization 
3.1 Introduction 
Since Ziegler's discovery of polymerization of ethylene using TiCU-EtiAlCl 
as catalyst in 1953,^  followed by Natta's discovery of the stereoselective 
polymerization of propylene,^  polymerization of olefin has become a very 
important industrial process. The classical Ziegler-Natta catalysts are 
heterogeneous and highly selective. The synthesis of the first group 4 
metallocenes by Wilkinson^  in 1953 and the subsequent use of TiCp2Cl2-Et2AlCl 
in polymerization of ethylene, provided a new generation of homogeneous 
catalytic system. An important development in homogeneous catalysis was the 
discovery by Kaminsky and Sinn. They found that the partially hydrolyed product 
of trimethylaluminum, the methylaluminoxane (MAO), showed an increase in the ^ 
rate of polymerization dramatically."^  Recently, homogeneous catalysts based on 
metallocene/MAO, have provided the impetus for a new generation of 
) polymerization catalysts. One of the advantages of homogeneous polymerization 
catalysts over heterogeneous catalysts is their well-defined active sites and easily 
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tuned chemical structures, which lead to formation of polymers with specific 
microstructures and more narrow molecular weight distributions. 
In 1991，Marks and co-workers reported the reaction of metallocene 




^ , ^ ^ ^ B(C6F5)3 ^ , _ / u 
Cp'2ZrMe2 ^ Cp’2Zr\ H 
Cp，= C5(CH3)5 、 ： ; ^ C 一 B(C6F5)3 
H ' h 
This route offers the advantage that the product is stabilized by methyl 
coordination and is less polar and significantly more soluble in toluene. Several 
such complexes have been characterized by X-ray diffraction. It is believed that 
under catalytic conditions the complex partly dissociates to 
.ZrCp，2Me]+[BMe(C6F5)3]- . It has bee found that complexes with this structure 
are good ethylene polymerization catalysts. 
The fundamental steps of the polymerization process for metallocenes are 




錢,CH3 錢 , H 3 P f p + CH b ( c f ) -
Z < + B ( C 6 F 5 ) 3 = = ^ Z < / B r ^ e F s Zr + CH3B(C6F5)3 
Insertion 
/ r Z + C2H4 - / r , _ ^ Zr � � - Zr ~ 
略 略 、 / 略、、、z ^ ^ 
Termination 
V H ~ - V------H • y H ~ • / / H 
略、略、《、作略产⑦ 
In this chapter, the catalytic behavior in ethylene polymerization of some of 
the 1-azaallyl group 4 metal dimethyl complexes using, B(C6F5)3 as a cocatalyst, 
is described. 
3.2 Results and Discussion 
The catalytic activities of [Hf{C(SiMe3)2C5H4N-2} 2(^3)2] (38) 
[Zr{N(SiMe3)C(Bu^)C(H)(C5H4N-2)}2(CH3)2] (41) and [Hf{N(SiMe3)C(Bu^)C(H) 
(C5H4N-2)}2(CH3)2] (42) toward ethylene polymerization were studied. One 
equivalent of B(C6F5)3 was employed as a cocatalyst in all cases. All reactions 
were carried out under an ethylene pressure of 1 atm at room temperature. 
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Preliminary results are summarized in Table 3.1. 
All these compounds 1-3 showed no activity toward ethylene polymerization 
under stirring for 1 hr. The sterical hindrance at the metal center resulted by the 
trimethylsilyl groups of the azaallyl ligands may affect the formation of 
zwitterionic cationic species with the bulky tris-pentafluorophenyl borane in the 
reaction mixture. It may be the reason for the negative results obtained. 
The dichloro analogue of 41, however, showed a modest activity in ethylene 
polymerization when M A O was used as a cocatalyst.^  It seems that M A O is a 
better cocatalyst than B(C6F5)3 in ethylene polymerization. 
Table 3.1 Polymerization of Ethylene 
Entry Procatalyst M PE yield Activity 
(/zmol) (/zmol) (g) (g/mol[M]h) 
1 3S 32 35 0 -
2 41 28 30 0 -
3 42 21 25 0 -
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3.3 Experimental Section 
Polymerization of ethylene was carried out in a 250 m L glass reactor 
equipped with a magnetic stirrer and gas inlets (Figure 3.2). In a typical 
experiment, a weighed quantity of procatalyst was dissolved in 50 mL of toluene 
with stirring, and an equivalent amount of B(C6F5)3 was added into the reacter. 
The reaction is allowed to stir for 1 hr under nitrogen. Then the reaction mixture 
was degassed and ethylene was admitted. The ethylene pressure was maintained at 
1 atm by means of a mercury bubbler, while the solution was vigorously stirred at 
a controlled rate. After stirring at 24°C for 1 hr, the polymerization reaction was 
quenched with 30 mL of 10:1 mixture ofMeOH and HCl (IM). The solid polymer 
was isolated, washed with water, HCl and MeOH, and dried under vacuum to 
constant weight. 
Figure 3.2 
[aa> Auto-Control Meter] 
H 
["Driwi^  
IV一 Pump I 
B ,n 6. 考 , / 
-zr" ^ , I Nitrogen Cyfadarj 
— / 
Olefin Gm Cylkider 
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3.4 Attempted isolation of zwitterionic complexes of 1-azaallyl group 4 
complexes 
The reactions of group 4 transition metal dimethyl complexes 38，41 and 42 
with one equivalent of B(C6F5)3 were also studied as shown in Scheme 3.2. 
Scheme 3.2 
rVi-r n 
\ // CH3 1 〃SiMe3 
“ SiMea 
But 
/ \ ^ … B(C6F5)3 , Toluene 
\\ ^N/m,,�I •..“>������CH3 41 yellow oily substance 
t - ^ H ^ I �C H 3 _78�C to 25�C，3h 
But 
But 
^ ^ SiMe3 
— 4 2 
But 
After 3 hrs, a yellow oily substance was formed in the reaction mixture. It 
was insoluble in toluene but soluble in CH2CI2. However, no crystalline solid was 
obtained from the reaction extract in CH2CI2 or mixed solvent (CH2CI2/ pentane) 
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APPENDIX I 
A) General Experimental Procedures and Physical Measurement 
All manipulations were carried out either in a nitrogen-filled glovebox or under 
nitrogen using standard Schlenk-line techniques. Solvents were dried over and 
distilled from sodium/benzophenone (diethyl ether and tetrahydrofuran) or 
sodium/potassium alloy (pentane and toluene) or CaRi (hexane and CH2CI2). 
Deuterated solvents (CDCI3, C6D6 and C5D5N) were dried over molecular sieves (3 
A). 
1 h N M R and ^^ C N M R spectra were recorded at 300 M H z and 75.5 MHz, 
respectively, using a Bruker dpx-300 spectrometer in sealed tubes at ambient probe 
temperature. ^H and ^^ C chemical shifts are reported versus SiMe4 and were 
determined by reference to the residual ^ H and ^ C^ solvent peaks. The ^ H chemical 
shifts were referenced to internal CeDsR (5 = 7.15 ppm) or CDCI3 (5 = 7.26 ppm) 
and 13c resonances to CeDs (5 二 128.0 ppm) or CDCI3 (5 = 77.0 ppm). N M R 
spectra was recorded using a Varian Inova-400 spectrometer at 155.43 MHz, and 
chemical shifts was referenced externally to LiCl/DiO at 0 ppm, respectively. 
U V spectral data were recorded on a Cary/5G/UV-Vis-NIR spectrophotometer. 
Elemental analyses were performed at M E D AC Ltd., Department of Chemistry, 
Brunei University, Uxbridge, U.K. 
B) X-ray Crystallography 
Selected single crystals were sealed in Lindemann glass capillaries under 
nitrogen. X-ray intensities were measured on a MSC/Rigaku RAXIS lie 
imaging-plate diffractometer for compounds 36 and 44. The diffraction experiments 
of compounds 25，27，38，41-43，45，47 were carried out on a Bruker SMART CCD 
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diffractometer. "“ 
All crystal structures were determined by the direct method, which yielded the 
positions of all non-hydrogen atoms. All the non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms were all generated geometrically (C-H bond lengths 
fixed at 0.96 A), assigned appropriate isotropic thermal parameters and allowed to 
ride on their parent carbon atoms. All the H atoms were held stationary and included 
in the structure-factor calculation in the final stage of full-matrix least-squares 
refinement. All computations were performed on an IBM-compatible personal 
computer with the SHELXTL-PLUS program package,^  SHELXTL-93^ or 
SHELXTL-97^ program package. Analytic expressions of neutral-atom scattering 
factors were employed, and anomalous dispersion corrections were incorporated.^ 
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APPENDIX II 
Table 2. Crystallographic Data and Refinement Parameters for Complexes 36 
and 38  
25 27 
empirical formula C48Hio8Li4Ni2Si4 CsoHmLiANsO^Su 
formula weight 993.58 1150.70 
color/shape yellow block red block 
temperature (K) 293(2) 293(2) 
wavelength(人） 0.71073 0.71073 
crystal size ( W ) 0.98 x 0.56 x 0.48 0.91 x 0.89 x 0.78 
crystal system monoclinic orthorhombic 
space group P2i/n Pna2i 
a (A) 14.176(5) 28.534(1) 
b(A) 13.551(5) 9.9753(5) 
c (A) 17.724(6) 26.374(1) 
a(deg) 90 90 
P (deg) 97.696(8) 90 
Y(deg) 90 90 
V (人3) 3374.(2) 7507.2(6) 
Z 2 4 
density (Mg/W) 0.978 1.018 
absorption coefficient (mm'^) 0.125 0.122 
Fooo 1096 2516 
e range for data collection (deg) 1.73-28.27 1.43-23.99 
limiting indices -18<=h<=18,-17<=k<=17, -32<=h<=31，-ll<=k<=ll，--1 6<=1<=23 30<=1<=23 
reflections collected 23291 35643 
independent reflections(Rint) 8209(0.0500) 10587(0.0597) 
completeness to 0 98.2% 100.0% 
absorption correction SADABS SADABS 
max. and min. transmission 1.0000 and 0.7634 1.0000 and 0.6531 
refinement method full-matrix least-squares full-matrix least-squares on 
on f2 f2 
data / restraints / parameters 8209 / 0 / 308 10587/23/613 
goodness-of-fit on 0.876 0.940 
Ri，wR2 [I>2a(I)] 0.0640, 0.1803 0.0732，0.1983 
rI wR2 (all data) 0.1742，0.2235 0.1227，0.2294 
extinction coeff 0.0000(8) 
largest diff. peak and hole (e A'') 0.305 and-0.204 0.320 and-0.333 
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Table 2. Crystallographic Data and Refinement Parameters for Complexes 36 
and 38  
36 38 
empirical formula C25H47N2Si4ClZr CzsHsoNzSijHf 
formula weight 614.68 681.53 
color/shape yellow block yellow block 
temperature (K) 293(2) 293(2) 
wavelength(人） 0.71073 0.71073 
crystal size (mm') 0.50 x 0.30 x 0.21 0.30 x 0.30 x 0.05 
crystal system monoclinic Monoclinic 
space group V2\ln V2\ln 
a (A) 12.442(3) 12.492(3) 
b(A) 16.805(3) 16.887(3) 
c (A) 16.347(3) 16.395(3) 
a(deg) 90 90 
P (deg) 107.2.1(3) 107.40(3) 
丫 (deg) 90 90 
V(A') 3264.9(11) 3300.5(11) 
Z 4 4 
density (Mg/W) 1.250 1.372 
absorption coefficient (mm" )^ 0.581 3.322 
tt 1296 1392 rooo 
e range for data collection (deg) 1.78-25.34 1.77-25.00 
limiting indices 0<=h<=14, -20<=k<=20, 0<=h<=14, -19<=k<=20, .19<=1<=16 -19<=1<=18 
reflections collected 9220 8897 
independent reflections(Rint) 5066(0.0750) 5154(0.0490) 
completeness to 0 84.8% 88.8% 
absorption correction empirical empirical 
max. and min. transmission 1.187and 0.864 1.193 and 0.845 
refinement method full-matrix least-squares full-matrix least-squares on 
on f2 F2 
data / restraints / parameters 5066/ 0/299 5154/0/299 
goodness-of-fit on 1.070 1.034 
Ri，wR2 [I > 2a(I)] 0.0672, 0.1671 0.0537, 0.1361 
Ri，wR2 (all data) 0.0743，0.1741 0.0636, 0.1426 
extinction coeff 0.0075(11) 0.0039(4) 
largest diff. peak and hole (e A'') 0.855 and-1.144 1.199 and-1.709 
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Table 3. Crystallographic Data and Refinement Parameters for Complexes 41 
and 42  
41 42 
empirical formula C3oH52N4Si2Zr CsoHszNqSi!® 
formula weight 616.16 703.43 
color/shape yellow block yellow block 
temperature (K) 293(2) 293(2) 
wavelength(A) 0.71073 0.71073 
crystal size (iW) 0.63 x 0.59 x 0.52 0.56 x 0.43 x 0.32 
crystal system monoclinic monoclinic 
space group P2i/c Cc 
a (A) 9.794(3) 19.6889(9) 
b(A) 30.861(8) 8.8980(4) 
c(A) 12.139(3) 19.4802(9) 
a(deg) 90 90 
p (deg) 110.791(5) 99.0540(10) 
y(deg) 90 90 
V (人3) 3430(2) 3370.3(3) 
Z 4 4 
density (Mg/m') U 9 3 1.386 
absorption coefficient (mm'^) 0.413 3.190 
T7 1312 1440 rooo …二 
e range for data collection (deg) 1.91-28.17 2.09-27.99 
limiting indices -12<=h<=12,-39<=k<=40, -26<=h<=20，-ll<=k<=ll,-
.16<=1<=16 20<=1<=25 
reflections collected 23263 11006 
independent reflections(R,nt) 8300(0.0459) 5780(0.0218) 
completeness to 0 98.8% 99.1% 
absorption correction SADABS empirical 
max. and min. transmission 1.0000 and 0.6370 1.0000 and 0.5045 
refinement method full-matrix least-squares full-matrix least-squares on on F2 F2 
data / restraints / parameters 8300 / 0 / 335 5780 / 2 / 334 
goodness-of-fit on 0.942 0.962 
Ri, wR2 [I > 2a(I)] 0.0561, 0.1514 0.0265，0.0566 
Ri: wR2 (all data) 0.1011，0.1724 0.0329，0.0585 
extinction coeff 0.0000(3) 
largest diff. peak and hole (e A'') 0.980 and-0.614 1.554 and-0.480 
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Table 4. Crystallographic Data and Refinement Parameters for Complexes 43 
and 44 • 
43 44 
empirical formula CssHUsNzSisClZr C24H42N2Si2Cl2Hf 
formula weight 556.48 664.17 
color/shape pale yellow cube pale yellow block 
temperature (K) 293(2) 293(2) 
wavelength(人） 0.71073 0.71073 
crystal size (mm') 0.45 x 0.40 x 0.35 0.56 x 0.3.4 x 0.20 
crystal system monoclinic monoclinic 
space group P2i/c P2i/n 
a (A) 12.660(3) 12.6432(8) 
b (A) 15.825(3) 15.683(1) 
c (人） 15.927(3) 15.606(1) 
a(deg) 90 90 
P (deg) 108.41 � 107.260(1) 
y (deg) 90 90 
V(A') 3027.6(10) 2955.3(3) 
Z 4 4 
density (Mg/m') 1.221 1.493 
absorption coefficient (mm'^) 0.545 3.806 
Fooo 1176 1336 
e range for data collection (deg) 1.86-25.41 1.69-28.02 
limiting indices 0<=h<=l5,-18<=k<= 18,-1 -13<=h<=16,-20<=k<=20,-
9<=1<=17 20<=1<=20 
reflections collected 8851 19331 
independent reflections(Rint) 4793(0.1317) 7137(0.0789) 
completeness to 0 86.1% 99.5% 
absorption correction SADABS SADABS 
max. and min. transmission 1.0000 and 0.1367 refinement method full-matrix least-squares on full-matrix least-squares on 
F2 F2 
data/restraints/parameters 4793 / 0 / 2 8 1 7137/0/280 
goodness-of-fit on 1.090 1.054 
Ri，wR2 [I > 2a(I)] 0.0734, 0.2108 0.0372, 0.0980 
Ri, wR2 (all data) 0.0801,0.2183 0.0452，0.1040 
extinction coeff 0.0082(19) 
largest diff. peak and hole (e A'') 0.484 and -1.097 1.346 and-2.101 
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Table 2. Crystallographic Data and Refinement Parameters for Complexes 36 
and 38  
45 47 
empirical formula O S ^ ^ N ^ S i ^ 
formula weight 643.75 553.58 
color/shape pale yellow cube green block 
temperature (K) 293(2) 293(2) 
wavelength(人） 0.71073 0.71073 
crystal size ( W ) 0.32x 0.30 x 0.30 0.27 x 0.42 x 0.51 
crystal system monoclinic triclinic 
space group Vl jc PI 
a (A) 12.6374(8) 8.4817(6) 
b (A) 15.807(1) 9.0742(6) 
c (A) 15.845(1) 10.8174(7) 
a (deg) 90 96.9570(10) 
(3 (deg) 108.138(1) 99.6490(10) 
y (deg) 90 108.0110(10) 
V(A') 3008.0(3) 767.16(9) 
Z 4 1 
density (Mg/m') 1.422 1.198 
absorption coefficient (mirfi) 3.651 0.732 
Fooo 1304 298 
e range for data collection (deg) 1.70-28.00 1.94-28.01 
limiting indices -9<=h<=16,-20<=k<=19,- -ll<=h<=10,-10<=k<=ll， 20<=1<=20 -13 <=!<= 14 
reflections collected 19997 5405 
independent reflections(Rint) 7236(0.0294) 3630(0.0185) 
completeness to 0 99.7% 97.8% 
absorption correction SADABS empirical 
max. and min. transmission 1.0000 and 0.6917 1.000 and 0.545 
refinement method full-matrix least-squares full-matrix least-squares 
onF^ onF^ 
data / restraints / parameters 7236 / 0/281 3630/ 0 / 161 
goodness-of-fit on 0.999 1.034 
RI，WR2[I�2CJ(I)] 0.0317，0.0864 0.0410，0.1095 
Ri，wR2 (all data) 0.0451, 0.0916 0.0507，0.1148 
extinction coeff 0.00000(9) 0.000(3) 
largest diff. peak and hole (e A"') 1.059 and-1.601 0.443 and-0.344 
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